ABSTRACT
INTRODUCTION
A Small Business Innovative Research program phase II program that ended in July 1999 resulted in the delivery of seven PNVG I and five PNVG II prototype systems. The PNVG I version (Figures 1 and 2 ) was initially designed for ejection seat aircraft. A better center of gravity compared to the currently fielded F-4949 should be less fatiguing during longer flights. The low profile design will potentially allow for ejection by permitting retention of the system on the head throughout the ejection sequence. Retention of PNVG I may also aid evasion and rescue. The PNVG II approach, which looks more like a traditional goggle, should be more robust and will attach to any existing AN/AVS-6 or F-4949 mounting system. This version is intended for transports, helicopters, and ground personnel. Both PNVG I and II will provide a 100 degree horizontal by 40 degree vertical (100 o H X 40 o V) intensified field of view (FOV) (Figure 3. ). This represents a 160% increase of the warfighterÕs intensified image (I 2 ) FOV compared to currently fielded 40 o F-4949 system (Figure 4 .). Subjective questionnaires are being used to collect pilot ratings during recent flight evaluations to allow comparisons of the PNVG versus F-4949 across different operational tasks. This paper addresses pilot feedback from F-15C and F-15E aircraft during PNVG I use. In order to produce situational awareness (SA) ratings for statistical analysis, a technique referred to as SA-SWORD was recently introduced to the test activity (only limited feedback is available). of pixels (picture elements). If the pixels are spread over a larger FOV, the angular subtense per pixel increases proportionally thus reducing resolution. An extensive survey of U.S. Air Force NVG users showed that increased FOV was the most desired enhancement by aircrew members. Resolution was a close second. 3, 4 This was a motivating factor for the development of an enhanced NVG capability. Although FOV was identified as the most desired performance parameter to improve upon, the exact benefits have not yet been adequately quantified. Previous studies suggest FOV produces performance advantages: A study using a critical tracking task showed best performance at 80 or 100 degrees. An increase from 40 to 80 degrees greatly reduced subjectsÕ workload. 5 Another study included a series of low altitude maneuvers in Cobra and Lynx rotorcraft. The results indicated 100 degree to unrestricted FOV required only moderated pilot compensation. The results also showed pilots flying with restricted FOV reported better flying performance than they actually exhibited. Restricted FOV inhibited detection of multiple cues concurrently. Also, the small FOV required more head movement and a different scan technique while large head movements led to aircraft control difficulty and disorientation. 6 A third study had subjects visually acquire targets, remember the location of the target, and monitor target threat status while performing a secondary task. Error decreased as FOV increased until a FOV of 90 degrees was reached. Secondary task performance increased as FOV inceased.
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METHOD
Several operational utility evaluation (OUE) efforts have been initiated to evaluate the PNVG. Laboratory experiments are also being performed to address specific questions regarding performance and SA effects attributable to the PNVG FOV. The objective of the OUE is to expose the PNVG to the operational environment to investigate the impact the technology has on mission effectiveness and survivability. The OUE process includes the development of new tactics which result from the application of new technology. The data presented here were produced via questionnaires completed by operational test pilots who flew with the PNVG during evaluation flights at the 422 nd Test and Evaluation Squadron at Nellis AFB, Nevada. Data are included from 16 different sorties: 6 F-15E flights and 10 F-15C flights. At the date of this writing, a total of 12 pilots participated in the evaluation flights. Four of the 12 pilots each flew two different sorties. Three of the four duplication flights were in F-15CÕs. Both air-to-air and air-to-ground missions were completed. A post-flight questionnaire was developed to collect pilotsÕ impression of the PNVG across different interest areas during each mission.
QUESTIONNAIRE AND RATING SCALE:
A rating scale was developed to compare pilotsÕ experience with PNVG versus their previous experience with F-4949s. It was not feasible to directly compare the PNVG to F-4949 on a flight by flight basis. Instead, the questionnaire instructions asked pilots to compare their recent experience with the PNVG vs. their past experience with F-4949s. All of the pilots had significant flight experience with the conventional F-4949 NVGs. A rating methodology was developed to allow the pilots to quantify their comparison of the NVGs. Table 1 shows the rating scale developed for the questionnaire. Questions were formed for the following categories: 1) Fit, Function, and Human Factors, 2) Cockpit/Cockpit Lighting Compatibility, 3) Image Quality, and 4) Tactical Employment. Where possible, comparison ratings were collected. Where appropriate, yes/no format questions were asked. Comments were solicited at the end of each category section of the questionnaire. A final section of the questionnaire was dedicated to additional comments designed to collect information about the advantages and disadvantages of the PNVG. Table 2 . SA-SWORD questionnaire format.
RESULTS
The following paragraphs present the questionnaire data collected to date. The information represents averages derived across all 16 sorties. It is indicated where feedback is specific to an aircraft type (F-15C or F-15E).
DESCRIPTIVE INFORMATION:
Average takeoff time was 42 minutes after local sunset. Average duration of the flight was 1 hour 32 minutes (1:32). Illumination conditions were described as high for slightly more than half the flights (62.5%). Average moon presence was 68.3% and the observed weather was described as clear for the majority of the flights (91.6%).
FIT, FUNCTION, AND HUMAN FACTORS RATINGS:
Pilots found the PNVG to be easier to don than the F-4949 (mean rating = 4.25). For weight and center of gravity, the operating comfort of the PNVG was rated as better than the F-4949 (mean rating = 3.94). In the stowed position, ratings indicated similar comfort compared to the F-4949 (mean rating = 3.67). Stability of the PNVG during head movements, G loading, and vibration was rated as slightly better than F-4949 (mean rating = 3.66). In some cases, the helmet was not custom fit to the pilot. Questions concerning PNVG position and focus adjustability indicate that this is an area of design criticism. Both position (mean rating = 2.67) and focus (mean rating = 2.87) were rated as the ÒsameÓ to ÒineffectiveÓ compared to F-4949. Peripheral vision around the PNVG and the ability to look under the PNVG to view cockpit instrumentation was rated as very similar to F-4949 (mean rating for both = 3.07). The compatibility of the PNVG with the use of a clear visor was rated as better than F-4949 compatibility (mean rating = 3.75).
FIT, FUNCTION, AND HUMAN FACTORS COMMENTS:
This section includes selected comments that represent the most negative and most positive feedback collected. These comments are intended to reflect the amount of variability among all of the recorded comments. It should be kept in mind that criticism is typically the purpose of commenting during OUE. Regarding the effort to don the PNVG, no negative comments were recorded. COCKPIT/COCKPIT LIGHTING COMPATIBILITY: Cockpit clearance of the PNVG was rated during scanning behavior. In the operational position, clearance was rated better with PNVG than with F-4949 (mean rating = 3.81). In stowed position, clearance was similar that of the F-4949 (mean rating = 3.31). Cockpit display compatibility for PNVG was rated as similar to F-4949 (mean rating = 3.19). This was true also for HUD (mean rating = 3.17) and NVIS lighting (mean rating = 3.27) compatibility. PNVG was rated as more compatible with ÒChristmas treeÓ lighting (mean rating = 4.14) than the F-4949. 
COCKPIT/COCKPIT LIGHTING COMPATIBILITY COMMENTS:
IMAGE QUALITY:
Overall PNVG image quality was rated slightly higher than F-4949 (mean rating = 3.47). Similar findings were recorded for a question addressing the ability to distinguish cultural (mean rating = 3.5) and terrain features (mean rating = 3.5). PNVG image brightness acceptability was rated higher than F-4949 (mean rating = 3.59). Image brightness consistency across the tubes was indicated during 69% of the sorties. The acceptability of image noise for PNVG was rated to be similar to F-4949 (mean rating = 3.44). Figure 5 shows the proportion of cases where various types of image effects were experienced. TACTICAL EMPLOYMENT: Pilots reported that 5.5 GÕs could be sustained comfortably while using the PNVG. The maximum reported G load across these test flights was 8.0. Pilots were asked if the PNVG ever inadvertently came down from the stowed position during the flight. This occurred during 2 of the 16 flights (12.5%). The pilots reported that overall, SA was enhanced by the use of PNVG compared to F-4949 (mean rating = 4.2). Figure 6 shows the pilotsÕ mean ratings comparing PNVG and F-4949 across different tactical tasks. PNVG appears to have been most beneficial during threat detection, formation and tactics, offensive maneuvering, defensive maneuvering, and for survivability. BEST FEATURES OF THE PNVG: "I did not experience any eye strain or headaches." "A must have." "A-10's need these!" "Closer to face, better FOV rather obvious!" "Outer channels were focused much better (20/25)." "Had better SA awareness of my surroundings." "Easier to fly at lower altitudes." "Could spend more time scanning for bandits and watching where my flight path is." "Less forward CG when looking through." 
IMAGE QUALITY COMMENTS:
BIGGEST DRAWBACKS OF THE PNVG:
CONCLUSION
The PNVG feedback has been very positive and indicates that a 100 degree FOV significantly improves pilot performance across different operational tasks compared to the 40 degree F-4949. Tactics that had previously been used with F-4949 are not necessarily applicable anymore. The PNVG significant increase in intensified FOV affords daytime-like tactics at night. This pilot feedback is not complete. Additional flights on F-15s as well as other aircraft will be used for further evaluation. Suggested areas for PNVG improvements will be addressed in an upcoming follow-on advanced technology demonstration program.
